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Although protein dynamics are accepted as being essential for enzyme function, their effects are not fully
understood. In this issue ofChemistry and Biology, Gobeil and coworkers describe how engineered changes
in the millisecondmotions of a mutant TEM-1 b-lactamase do not significantly affect substrate turnover. This
mutational robustness has implications for protein engineering and design strategies.Proteindynamics, excludingprotein trans-
lation and trafficking dynamics, generally
refers to conformational changes in pro-
tein structure that occur over a broad
range of timescales. Although the process
of protein folding, essential for the function
of a large proportion of all proteins, drasti-
cally minimizes the conformational
freedom and dynamics of a polypeptide
relative to the unfolded state, it has long
been appreciated that some conforma-
tional change must be involved in protein
function. The predominance of protein
crystallography in structural biology over
the last 50 years yielded a vast amount of
structural data, yet crystal structures
have traditionally been reported as a
single ground state structure. In recent
years there has beena natural progression
to the study of protein dynamics; as our
ability to solve protein structures and
simulate their dynamics in silico has
developed, more time has been invested
in studying their movement, particularly
through new nuclear magnetic resonance
(NMR)-based methods (Mittermaier and
Kay, 2006). The field has seen a number
of landmark papers in recent years (for a
recent review, see Ma and Nussinov,
2010), and there is a level of appreciation
for the role of dynamics in protein functionand evolution (Tokuriki and Tawfik, 2009).
Accordingly, there is increasing interest
in incorporating dynamic effects into pro-
tein engineering and design experiments.
Like any rapidly developing field, there
are areas of consensus and conten-
tion. If enzymes are considered, several
impressive works have demonstrated the
importance of dynamics in the catalytic
cycles of enzymes (Boehr et al., 2006)
and their evolutionary conservation
among members of some protein families
(Gagne´ et al., 2012), implying that protein
dynamics are under evolutionary selection
and affect the fitness of proteins. The
steady-state turnover number (kcat), which
is the most commonly measured kinetic
rate, is only the rate-limiting step of a num-
ber of microscopic rate constants that,
together, comprise the full catalytic cycle.
While the role of dynamics in allowing
proteins to transit between different con-
formations suited for various steps in the
cycle is widely acknowledged, there are
different views regarding the role of
dynamics in catalysis: the increase in the
rate of ‘‘chemical steps’’ in a catalytic
cycle (Kamerlin and Warshel, 2010; Klin-
man and Kohen, 2014).
In this issue of Chemistry and Biology,
Gobeil et al. (2014) have investigatedmillisecond protein motions in two related
extant b-lactamases and an engineered
chimericproteinproduced through recom-
bination. This work makes a significant
contribution to the discussion of the role
ofmilliseconddynamics in protein function
by providing an in-depth analysis of the ef-
fects of engineering on both dynamics and
catalytic activity. Interestingly, although
the chimera exhibits almost identical sub-
strate turnover rates to thewild-type b-lac-
tamases with a range of substrates, the
millisecond dynamics of the chimera are
substantially different from those of the
extant enzymes; i.e., in this case, there
seems to be little correlation between sub-
strate turnover and millisecond dynamics.
This work complements and contrasts
other NMR studies that showed close
correlation between millisecond motions
and turnover rates (Eisenmesser et al.,
2005) as well as engineering studies that
showed turnover rates for enzymes are
highly sensitive to changes in dynamics
when conformational change is rate
limiting (Jackson et al., 2009). Specifically,
this study shows that the effects of
changes in dynamics on substrate turn-
over are particular to the enzyme. It is
important to consider that, in the case of
the TEM-1 b-lactamase, a chemical stepª2014 Elsevier Ltd All rights reserved 1259
Figure 1. A Simplified Free Energy Diagram for a Protein
Engineering Experiment in which Catalysis Is Rate Limiting
A typical scenario at the start of a protein engineering experiment in which the
chemical step (catalysis) has a substantially higher barrier than a barrier to a
conformational change that precedes it (blue). Mutations (red and green)
that reduce the barrier for the chemical step will be beneficial, even though
theymight increase the barrier for conformational change, until the energy bar-
rier for catalysis begins to approach that of conformational change (orange).
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ring opening for cephalospo-
rins or enzyme deacylation
for penicillins) is rate limiting
(Saves et al., 1995). Thus, it
appears that alterations to
millisecond dynamics and
the steps in the catalytic cycle
that they contribute to, such
as loop motions, might not
significantly affect the turn-
over rate, provided that they
are not so deleterious that
conformational change be-
comes rate limiting.
What does this mean for
protein engineering and
design? It will largely depend
on the aim of the engineering
experiment. In most cases,
protein engineering and
design experiments seek to
improve an activity that is
catalyzed very poorly, such
as a low-level promiscuousactivity in an enzyme with a different pri-
mary function. In these cases, the chemi-
cal step is often rate limiting because the
active site is unlikely tobeoptimal for cata-
lyzing the new activity. Thus, the results of
Gobeil et al. (2014) should be encouraging
to protein engineers and designers in that
it appears many enzymes might be quite
tolerant to changes in millisecond dy-
namics, at least until the energy barrier to
the chemical step is substantially reduced
(Figure 1). In contrast, if the aim is to
improve anenzyme that is already efficient
in the chemical step, or an enzyme in
which dramatic conformational change
is required in substrate recognition,
dynamics will need to be a primary
consideration.
There are, of course, some caveats to
this discussion of the role of dynamics
and engineering, largely because the1260 Chemistry & Biology 21, October 23, 20term ‘‘dynamics’’ itself is so broad. For
instance, this work specifically analyzes
a subset of motions on the millisecond
timescale. Thus, the flexibility or level of
preorganization of side chains in active
sites, which can affect transition state sta-
bilization in chemical reactions (Warshel
et al., 2006), will still be relevant. Likewise,
changes to the conformational landscape
of a protein, particularly increased con-
formational sampling of a new or minor
conformation that is better suited
to catalyze the reaction, will be catalyti-
cally beneficial. Indeed, the tolerance to
changes in dynamics observed in this
work could increase the likelihood of new
conformations being sampled, which has
been proposed to promote evolvability
(Boehr et al., 2009). This work highlights
the mutational robustness of naturally
evolved enzymes and reinforces the14 ª2014 Elsevier Ltd All rights reservedimportance of understanding
the catalytic cycles of pro-
teins, particularly the nature
of the rate-determining step,
because of the impact this
will have on our engineering
and design strategies.REFERENCES
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